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Materials
Our arc cumulate samples, which occur as garnet pyroxenite xenoliths, were collected in the Basin and Range-Colorado Plateau Transition Zone (BR-CP-TZ) of central Arizona (11). These xenoliths were brought to the surface by the volcanic eruptions of Sullivan Buttes latite in Chino
Valley and the similar-aged Camp Creek latite northeast of Phoenix at ~25 Ma (59). These samples have been studied in detail by (11) . These cumulates are composed of garnet and clinopyroxene with minor rutile, Fe-Ti oxides and rare apatite and biotite. Whole-rock geochemistry can be found in Erdman and Lee (11) and IEDA online database (DOI:
10.1594/IEDA/111138). Oxides are only seen in differentiated cumulates with low Mg# (molar Mg/(Mg+Fe)). Some low Mg# cumulates also contain amphibole. The mode of garnet ranges from 20 to 50% (~32% on average) except SB1-ME9, which is almost a pure clinopyroxenite.
For mineral Eu/Eu* analysis, a total of nine cumulate samples with low loss on ignition (LOI) and minimum proportions of melt were selected. Low trapped melt fraction in the cumulate is critical because pervasive melt-mineral exchange during cooling or xenolith entrainment may overprint the original Eu anomalies. Plagioclase is absent in all of the samples studied here.
Compositional layering is visible in thin sections in some low Mg# samples, consistent with a cumulate texture. High Mg# samples experienced partial or complete recrystallization.
Methods
Whole rock major element analysis
Whole-rock major element compositions were measured via X-ray fluorescence spectroscopy (XRF) at Washington State University at Pullman. Fresh samples of 10-100 g were crushed and powdered in a ceramic SPEX mill placed in a shatterbox for 5-10 minutes per sample.
Mineral trace element analysis
Mineral rare earth elements, Mg and Fe were analyzed using a Thermo Finnigan Element2, a We thus assume that parental arc basalts begin with no Eu anomaly. The melt fO2 can then be calculated based on the experimentally calibrated Eu oxybarometer (10)
Where T is temperature in K,  is optical basicity. The calculated fO2 is sensitive to T, but its value relative to the FMQ buffer is nearly independent of temperature (changes by 0.2 log units from 1,300 to 1,000 ˚C). Magma optical basicity can be calculated based on magma composition 
Crystal fractionation modeling
The purpose of this section is to estimate how fO2 varies during crystal fractionation from the To estimate how fO2 varies with residual melt fraction F requires that we track Eu/Eu* of the evolving melt and cumulates. The correlation between garnet Eu/Eu* and melt fraction was parameterized using a 2 nd order polynomial function f(x). In order to propagate uncertainties, we adopted a Monte Carlo random resampling approach (n = 10,000), wherein uncertainties in both measured garnet Eu/Eu* and calculated melt fraction of each cumulate was considered. An illustration of our Monte Carlo approach is shown in fig. S10a , where we show random resampling of Eu/Eu* and F data as defined by uncertainties in these two quantities. fig. S10b plots 10,000 polynomial functions (f(x)) that fit the resampled data from 10,000 random resampling operations.
These obtained 10,000 polynomial functions were then used as an input in crystal fractionation modeling to calculate the cumulate-melt bulk Eu partition coefficient (DEu) with differentiation, which then gives magma redox evolution paths. This was done as follows. S11 ), meaning that, at a given fO2, a differentiated melt (low Mg#) will contain more Eu 2+ than a primitive melt (high Mg#). For simplicity, we use a constant  of 0.60 in crystal fractionation modeling, and the results should constrain the minimum magma oxidation rate.
fig. S11
. Sensitivity test of calculated DEu/DEu* and redox paths to the value of DEu* used in the crystal fractionation model. Shown are the medians and 95% conf. intervals. DEu* used in the paper is 0.5.
fig. S12. Calculated optical basicity (Λ) as a function of Mg# in arc magmas.
Eu in the fractionating magma was modeled via incremental fractionation using a fractionation step size (dF) of 1%. The starting composition we take to be that of the most primitive cumulate and its corresponding magma with which it is in equilibrium. In each fractionation step, the concentrations of Eu and Eu* (when all Eu is trivalent) in the melt relative to the pre-step value (C i /C o ) can be calculated as:
Where i indicates Eu and Eu*, F is the instantaneous remaining melt fraction, DEu is the bulk partition coefficient of Eu:
The garnet Eu/Eu* in each fractionation step is:
Combining equations S6-9 and the cumulate garnet Eu/Eu*-melt fraction polynomial functions f(x), one can obtain magma fO2 as a function of melt fraction. Note that the assumption of DEu (II) = 0 maximizes Eu enrichment in the melt. This assumption and the potentially overestimated  in the differentiated melt lead to a conservative constraint on magma oxidation rate, which is shown in Fig. 2c in the paper. (Fig. 4a) . As differentiation pressure increases, we consider the mode of garnet (fgt) in the crystallization assemblage increases from 0-30% (average from our cumulates) and removes 0-60% of the total Fe as pure ferrous Fe. In each step of crystal fractionation, the mass of Fe removed by garnet is assumed to be constant 
